Introduction {#sec1}
============

Choledochal cysts with or without an abnormal pancreatobiliary junction are among the most common pancreatobiliary malformations. The incidence of choledochal cysts in the western population is 1 : 100,000--1 : 150,000 live births \[[@cit0001]\]. The rate is remarkably higher in Asian populations, with approximately two-thirds of cases occurring in Japan \[[@cit0002], [@cit0003]\].

Cystic disease of the biliary tree was first described in 1723 \[[@cit0001]\], and the first classification system for choledochal cysts was proposed by Alonso-Lej *et al*. in 1959 \[[@cit0004]\]. Contemporary classification was created by Todani *et al.* in 1977 \[[@cit0005]\] ([Figure 1](#f0001){ref-type="fig"}).

![Todani's classification scheme for choledochal cysts \[[@cit0005]\]. Type IA -- cystic dilation of the extrahepatic biliary tree. Type IB -- focal, segmental dilation of the extrahepatic bile duct. Type IC -- smooth fusiform dilation of the entire extrahepatic bile duct. Type II -- discrete diverticuli of the extrahepatic duct. Type III -- choledochocoele. Type IVA -- combine intrahepatic and extrahepatic duct dilation. Type IVB -- multiple extrahepatic bile duct dilations. Type V -- Caroli disease. Adopted from \[[@cit0005]\]](PG-12-31249-g001){#f0001}

The aetiology of the choledochal cyst remains unclear. The most accepted theory of cyst origin supposes the influence of an abnormal pancreatobiliary junction when the common channel of the pancreatic and bile duct exists \[[@cit0006]\] ([Figure 2](#f0002){ref-type="fig"}). This theory postulates that the exceptionally long common channel allows mixing of the pancreatic and biliary juices, resulting in the activation of pancreatic enzymes, inflammation, and deterioration of the biliary duct wall, leading to dilation \[[@cit0006]\]. Other theories of origin suggest aganglionosis of the distal choledochus, foetal viral infection, or association with other inborn anomalies \[[@cit0007], [@cit0008]\]. The origin of type-V choledochal cysts probably differs from that of the other types of choledochal cysts, and is possibly due to dysfunctional remodelling of the ductal plate during embryogenesis \[[@cit0009], [@cit0010]\].

![Endoscopic retrograde cholangiopancreatography: common channel](PG-12-31249-g002){#f0002}

The relationship between choledochal cysts and carcinogenesis is important. The choledochal cyst is a premalignant state in which cancer occurs not only more often but also 10--15 years earlier than in the normal population \[[@cit0011]\]. The overall risk of cancer has been reported to be 10--15%, and it increases with age \[[@cit0011]\].

Ultrasonography is the first imaging modality generally used for the biliary tree. This method shows a cystic mass in the right upper quadrant that is separate from the gallbladder, with the exception of type III and type V cysts. Diagnosis of choledochal cysts requires a demonstration of the continuity of the cyst with the biliary tree, allowing them to be differentiated from other intra-abdominal cysts such as pancreatic pseudocysts, echinococcal cysts, or biliary cystadenomas \[[@cit0009]\]. Computed tomography is useful for demonstrating continuity of the cyst with the biliary tree, its relation to surrounding structures, and the presence of associated malignancy \[[@cit0012]\]. Computed tomographic cholangiography has been used to delineate the full anatomy of the biliary tree in order to correctly plan surgery, but unfortunately it has been reported to be less sensitive for imaging the pancreatic duct, which depends on the reflux of contrast into the ducts \[[@cit0012]\]. Of course, the drawback of computed tomography is the risk of nephro- and hepatotoxicity with the use of contrast as well as exposure to ionising radiation. Magnetic resonance imaging (MRI) is recommended for the diagnosis of choledochal cysts \[[@cit0013]\]. Magnetic resonance imaging and magnetic resonance cholangiopancreatography (MRCP) create images by differential signal intensity of stagnant pancreatic and bile secretion, with surrounding structures. Unfortunately, intraductal air, debris, stones, or protein plugs, all of which are common in patients with choledochal cysts, can interfere with the signal and alter visualisation \[[@cit0014]\].

For diagnosis and for delineating biliary anatomy, endoscopic retrograde cholangiopancreatography (ERCP) is very useful \[[@cit0015], [@cit0016]\]. Endoscopic retrograde cholangiopancreatography provides information necessary for exact diagnosis and can play a very important therapeutic role as well. It enables several therapeutic modalities, such as papilla sphincterotomy and/or drainage or extraction of the cholelithiasis. In many cases, ERCP allows the postponing of operations until the patient is older. It is also useful for identifying an abnormal pancreatobiliary junction or ductal filling defects, which might be stones or cancers \[[@cit0017]\].

Aim {#sec2}
===

The aim of our study was the retrospective evaluation of ERCP performed at our centre for pancreatobiliary malformations. We assumed that ERCP is mostly useful for patients with obstructive jaundice and/or cholangitis, where decompression of the bile duct was performed. We also investigated whether ERCP enables precise diagnosis of the common channel.

Material and methods {#sec3}
====================

We retrospectively analysed the ERCP examinations performed on children with an abnormal pancreatobiliary junction and/or choledochal cysts in our endoscopic unit from 1990 to 2011. On average, we perform 1600 ERCPs per year, approximately 3% of which are done on paediatric patients. During this period, we performed a total of 651 ERCPs on children. We carried out 112 examinations on 50 children with an abnormal pancreatobiliary junction and/or choledochal cyst. These patients were operated on at the paediatric surgery department of our hospital. This evaluation also includes seven other patients with choledochal cysts, who did not undergo ERCP before operation. Six of these patients only underwent MRCP (without administration of IV secretin), and one was diagnosed solely by ultrasound. These patients were directly operated on and ERCP was not indicated.

Our cohort consisted of 15 males and 35 females, with an average age of 5 years (range: 2 months -- 14 years). Patients were referred to our hospital from primary and secondary paediatric centres across the Czech Republic (approximately 10 million inhabitants).

Before ERCP was performed, an extensive diagnostic work-up including infectious, metabolite, or endocrine disorders and ultrasound examination was carried out in all patients. Magnetic resonance cholangiopancreatography was only performed for 19 asymptomatic patients, 13 of whom were consequently indicated for ERCP. The remaining 6 patients were directly operated on.

Informed consent was obtained from the patients' parents before ERCP. All examinations were performed by one of four endoscopists experienced in ERCP. All examinations were carried out on a fluoroscopic table under general anaesthesia with continuous monitoring of vital functions. We used a normal standard diagnostic lateroscope (Olympus J140) or a special paediatric lateroscope (Olympus PJF/PJF 7.5 duodenoscope). This 7.5-mm side-viewing endoscope has a 2-mm instrumentation channel with a cannula elevator. With the patient in the left lateral position, the endoscope was inserted into the second portion of the duodenum and positioned in front of the papilla. The patient was then moved to the prone position. Serum amylase levels, liver enzyme levels, and blood count were assessed in all patients at 6 h and 18 h after investigation.

The retrospective analysis was approved by the Local Ethics Committee.

Results {#sec4}
=======

Between 1990 and 2011, our centre carried out 112 examinations of 50 children with abnormal pancreatobiliary junction and/or choledochal cyst. The most common symptoms that led to ERCP were abdominal pain (31 children, 62%), icterus (27 children, 54%), pancreatitis (12 children, 24%), vomiting (8 children, 16%), cholangitis (4 children, 8%), growth retardation (3 children, 6%), and elevated liver enzymes (2 children, 4%). In 4 (8%) children, the suspicion for cyst was raised prenatally ([Table I](#t0001){ref-type="table"}).

###### 

Symptoms of choledochal c ysts

  ------------------------ ----- ------------
  Symptom                  *N*   Percentage
  Abdominal pain           31    62
  Icterus                  27    54
  Pancreatitis             12    24
  Vomiting                 8     16
  Cholangitis              4     8
  Growth retardation       3     6
  Liver enzyme elevation   2     4
  Prenatal suspicion       4     8
  ------------------------ ----- ------------

We detected choledochal cysts in 46 (92%) patients: type IA in 11 (22%) patients, type IB in 1 (1%) patient, type IC in 28 (56%) patients, type II in 1 (2%) patient, type III in 1 (2%) patient, type IVA in 1 (2%) patient, type IVB in 1 (2%) patient, and type V in 2 (4%) patients. A common channel was associated with cysts in 37 (74%) patients, choledochal cysts without a common channel were observed in 9 (18%) patients, and the common channel lacked cysts in 3 (6%) patients. One (2%) patient displayed a small pancreatic duct with the ostium linked directly to the common bile duct. We found stenosis in 32 (64%) patients, sludge and mucus in 15 (30%) patients, and lithiasis in 2 (4%) patients ([Table II](#t0002){ref-type="table"}, [Figures 3](#f0003){ref-type="fig"}--[6](#f0006){ref-type="fig"}).

###### 

Pathological findings

  Findings                                       *N*   Percentage of all children
  ---------------------------------------------- ----- ----------------------------
  Choledochal cysts:                             46    92.00
  IA                                             11    22
  IB                                             1     2
  IC                                             28    56
  II                                             1     2
  III                                            1     2
  IVA                                            1     2
  IVB                                            1     2
  V                                              2     4
  Common channel with cysts                      37    74
  Choledochal cyst w/o common channel            9     18
  Common channel w/o cysts                       3     6
  Pancreatic duct directly to common bile duct   1     2
  Stenosis                                       32    64
  Sludge and mucus                               15    30
  Lithiasis                                      2     4
  Number of examinations                         112   
  Number of children                             50    

![Pathological findings](PG-12-31249-g003){#f0003}

![Biliary cyst, type IB](PG-12-31249-g004){#f0004}

![Biliary cyst, type IC](PG-12-31249-g005){#f0005}

![Endoscopic retrograde cholangiopancreatography of a biliary cyst, type IC, in a 2-month-old boy](PG-12-31249-g006){#f0006}

We performed endoscopic papilla sphincterotomy in 33 (66%) patients, endoscopic drainage 62 times, and drainage without sphincterotomy 17 times. Sphincterotomy alone was performed in 15 (30%) patients, and we extracted stones from 2 (4%) patients. The average elapsed time from ERCP (with insertion of stent) to the time of the operation was 7.1 months, ranging from 2 to 60 months.

One serious complication occurred: periampular perforation after papilla sphincterotomy in a patient with a biliary cyst. This problem was treated surgically. There were also 8 (7%) mild cases of hyperamylasaemia without clinical signs and 2 (2%) cases of bleeding. Endoscopic treatment was sufficient in these cases. In 1 (1%) child, we noted a retroperitoneal cumulation of contrast fluid. Endoscopic retrograde cholangiopancreatography failed in 2 (4%) children. In 1 (1%) case, only the Wirsung duct was filled, and diagnosis was based on MRCP. In 1 (0.9%) case, we were unsuccessful in inserting a drainage tube.

Magnetic resonance cholangiopancreatography was also carried out in 13 children with a common channel and choledochal cysts. There was diagnostic concordance between ERCP and MRCP regarding diagnosis of the choledochal cyst and cyst type, but the common channel was not observed with MRCP.

Discussion {#sec5}
==========

Successful diagnosis of choledochal cysts depends on close cooperation among gastroenterologists, radiologists, and surgeons. Diagnostic workup should not cease until there is enough information to plan the operation. It is usually necessary to combine ultrasonography, computed tomography, MRCP, and ERCP.

Some pancreatobiliary malformations can be diagnosed by ultrasound alone, which is a less invasive diagnostic method. Nevertheless, in most cases sonography is not sensitive and specific enough to distinguish between extrahepatic and intrahepatic cholestasis. Therefore, ultrasound can only provide a preliminary diagnosis. Differentiating a choledochal cyst from a hepatic cyst, hepatic abscess, acute fluid collection, or pancreatic pseudocyst may be difficult \[[@cit0018]\].

The use of MRI and MRCP is increasing for the noninvasive diagnosis of biliary and pancreatic diseases. Magnetic resonance cholangiopancreatography appears to be reliable for the diagnosis of choledochal cysts, with a diagnostic accuracy of 82--100%, but false-negative findings of the absence of abnormalities of the pancreatobiliary junction and the common pancreatobiliary channel are possible. In addition, small neoplasms of the gallbladder and bile duct may be missed \[[@cit0018]\]. Magnetic resonance cholangiopancreatography may aid the diagnosis of abnormal pancreatobiliary junction and/or choledochal cyst \[[@cit0019], [@cit0020]\], with the advantages of safety and low invasiveness. However, more detailed assessment and critical evaluation are needed. Magnetic resonance cholangiopancreatography may supersede ERCP for the diagnosis of choledochal cysts, but MRCP seems to exhibit a limited ability to detect minor ductal anomalies or small choledochocoele \[[@cit0021]\]. In agreement with that previous study, in the present investigation we noted concordance in the diagnosis of choledochal cysts in 13 patients who underwent both ERCP and MRCP. Nevertheless, the common channel was not diagnosed by MRCP, but it was visualised by ERCP in all these patients.

According to the present study, ERCP can detect an abnormal pancreatobiliary junction and/or choledochal cysts in children; however, it is still often considered to be an invasive diagnostic procedure with a substantial risk of complications. Thus, ERCP should only be performed in cases where the appropriate diagnosis cannot be made by other less-invasive examinations, or when therapeutic performance is required \[[@cit0022], [@cit0023]\]. Patients with choledochal cysts and/or an abnormal pancreatobiliary junctions account for approximately 10 percent of children examined by ERCP for icterus or cholestasis \[[@cit0016]\]. Often ERCP is necessary to solve obstructive jaundice and/or cholangitis in patients with choledochal cysts, which can be done minimally invasively *via* ERCP with papilla sphincterotomy and/or endoscopic drainage \[[@cit0024]\]. Sometimes it is advisable to postpone operation until the patient is older or healthier, a delay that is made possible by ERCP with endoscopic therapy. More than half of our cohort (54%) had icterus, and 8% of our patients exhibited severe cholangitis, but ERCP with drainage allowed us to postpone operation on members of our cohort for an average of 7.1 months (range: 0.2--60 months). All patients with obstructive jaundice and/or cholangitis should be treated as soon as possible; ERCP allows the immediate performance of therapeutic procedures, even before operation.

Endoscopic papillosphincterotomy and/or stent insertion can prevent attacks of biliary pancreatitis, which are probably caused by the reflux of bile into the pancreatic duct. In our cohort, 24% of children had one or more attack/s of biliary pancreatitis before choledochal cysts were diagnosed.

In our experience, ERCP in children is overall a safe procedure, with drainage and with or without papilla sphincterotomy. We observed only one severe complication, which had to be treated by operation ([Table III](#t0003){ref-type="table"}). This low complication rate may be related to the performance of ERCP by endoscopists who are highly experienced in the procedure. Moreover, all examinations were performed under general anaesthesia.

###### 

Complications of ERCP

  Complication                              *N*   Percentage
  ----------------------------------------- ----- ------------
  Periampular perforation                   1     0.89
  Hyperamylasaemia                          8     7.14
  Bleeding                                  2     1.79
  Retroperitoneal depot of contrast fluid   1     2.00

The high occurrence of a common channel in our patients with choledochal cysts supports Babbitt's theory of cyst origin. On the other hand, the occurrence of cysts without a common channel supports other theories of cyst origin \[[@cit0006]\].

Conclusions {#sec6}
===========

Endoscopic retrograde cholangiopancreatography is a reasonable alternative for the diagnosis of choledochal cysts and/or abnormalities of the pancreatobiliary junction because MRCP still has limited ability to diagnose anomalies such as the common channel, as observed in the present investigation. In addition, ERCP provides therapeutic endoscopic modalities.
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